The epididymal duct of the mouse can be divided into five segments (I-V): Segments I, II and III constituting the head; Segment IV, the body; and Segment V, the tail of the epididymis (TAKANO,1980; ABE et al., 1982a) . In another paper, we have described the ultrastructure of the principal cells in each segment (ABE et al., 1983) . The principal cells contain dense bodies unique to each segment.
In the principal cells in Segment IV, among the dense bodies, we have found peculiar inclusions containing a bundle of tubules. Such inclusions have not been described in previous scientific literature. This paper provides a brief, but detailed look at the inclusions.
MATERIALS AND METHODS
The epididymis obtained from 32 male dd-mice at 60 to 120 days of age was fixed in 5°o formol, 3% paraformaldehyde-1% glutaraldehyde, or 2% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for 2 hrs, and post-fixed in 2°o 0504 for 2 hrs. For some tissue, fixation was followed by immersion in 0.5°o uranyl acetate. The tissue was embedded in Epon. Ultrathin sections were stained with uranyl acetate and lead citrate, and examined by electron microscopy (HS 9 and 12A, Hitachi).
In addition, an electron microscope with a goniometer (H-700H, Hitachi) was used.
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OBSERVATIONS
In the principal cells in Segment IV, the dense bodies, round or oval and 0.4 to 1.0 'Um in diameter, generally occur in groups in the basal cytoplasm (Fig. 1) . They are enclosed by a trilaminar unit membrane about 8 nm in thickness. The bodies contain varying amounts of granules, measuring up to 20 nm in diameter , or an amorphous material of moderate density.
In addition, they occasionally contain membranous or myelin-like structures and lipid droplets.
In addition to the dense bodies, the epithelial cells have rod-shaped inclusions , 0.3 to 1.0 pm in diameter and 2 to 5 ,um in length, which are bounded by a unit membrane ( Fig. 1-4 ). Cross sections of the inclusions are oval or polygonal (Fig. 2a) , and longitudinal sections show straight rods with a blunt end (Fig. 2b) . These inclusions contain a bundle of tubules ( Fig. 1-4) ; occasionally two or three bundles of tubules are found in an inclusion (Fig. 2c) . In addition to the tubules, granules , membranous structures or At the center of some tubules, a granule is found. x 140 ,000 b. Slight-l y inclined cross section.
The wall of each tubule shows regularly arranged spikes on the upper left side. x 136,000 c. Longitudinal section.
The tubules are straight , cylindrical, and opened at the ends, and contain granules similar to those in the dense body (asterisk). x 100,000 lipid droplets, such as seen in the dense bodies, are contained in the inclusions (Fig. 1) . The tubules in the inclusions are cylindrical, having a diameter of about 40 nm, and are straight and opened at both ends (Fig. 3a, c) . The tubules occasionally contain granules, such as seen around the bundles of tubules in the inclusions (Fig. 3a, c) . In an inclusion, 8 to 80 tubules are regularly arranged in parallel lines and in cross sections An inclusion examined by goniometer. A section with an inclusion showing perfectly circular profiles of the tubules at 0° (center) was tilted at 25° to the left and right.
In the left picture, each tubule in the inclusion shows spikes on the lower side of the wall. However, in the right picture, each tubule in the inclusion shows spikes on the upper side of the wall. The number indicates the angle of tilt. The axis of the tilting is parallel to the Y axis of each picture.
x 110,000 they show a hexagonal pattern with a center to center distance of about 50 nm (Fig.  3a) . The wall of the tubules is about 6 nm thick, and is, unlike the unit membrane, not triple-layered (Fig. 3, 4a) . In slightly inclined cross section, the tubules show a membranous wall with a thickness of about 6 nm on one side, and show regularly arranged spikes, about 8 nm high and about 10 nm apart, on the other side (Fig. 3b, 4b) . The spikes can be observed on the same side of the walls of tubules in each inclusion (Fig.  3b, 4b) . The inclusions are usually seen below the nucleus, rarely above it (Fig. 1) . In some cells, as many as 20 inclusions can be observed among the dense bodies.
The tubule-containing inclusions are preserved after any fixation used until now.
Goniometric observations: In order to determine the inclination angle at which the tubules exhibit spikes in their walls in cross section, about 100 nm thick sections of the inclusions were examined with a goniometer under an electron microscope. An inclusion which contained tubules showing perfectly circular profiles at 0° was found by electron microscopy, and then the section was tilted. When the section was tilted to either direction, the tubules showed circular profiles without spikes in the wall until 5°, elliptic profiles with spikes on one side of the wall at 20° to 30°, and profiles with no spikes at more than 40°. The spikes were most clearly observed at a tilting angle of 25° (Fig. 5 ). When the section was tilted to the opposite direction , spikes appeared on the other side of the walls (Fig. 5, 6 ).
The tubule-containing inclusions were observed in the principal cells only in Segment IV but not in any other segments in any of the epididymides examined.
DISCUSSION
Microtubules, tubules, or cylinders in unit membrane-bounded cytoplasmic bodies have been reported in various cells. Microtubule-containing lysosomes have been observed in the epithelial cells of the renal tubules, peritoneal macrophages, and Kupffer cells (BOLER and ARHELGER, 1966; BoLER, 1969) . These microtubules are not straight, being arranged irregularly, and similar in appearance to cytoplasmic microtubules with walls which are not of the trilaminar unit membrane type. The lysosomes containing microtubules do not show rod-shaped configurations.
Similar microtubules have also observed in the rough endoplasmic reticulum of Leydig cells and nerve cells (STANG-VOSS and STAUBE5AND, 1971; SuzuKI et al., 1979) . Rod-shaped organelles containing tubular structure have been observed in arterial endothelial cells, but the tubules are thinner in diameter than the tubules in the inclusions in the epididymal principal cells; the wall of the tubules seems to be trilaminar (WEIBEL and PALADE,1964) , and the nature of the specific endothelial organelles cannot say to be lysosomal (LEMEUNIER et al., 1969) . Similar tubular structures have been observed in mitochondria in the cells of the adrenal glands and kidney (KURosuMI et al., 1966; DIETERI,1969) . The intracisternal cylinders of the digestive tract in molluscs show a hexagonal pattern in arrangement , but they are thick, and their wall consists of a unit membrane adjoining the membrane of the cisterna enwrapping the cylinders (SULLIVAN et al., 1974) . Thus the tubulecontaining inclusions seem different from any cytoplasmic components ever described.
The wall of the tubules in the cytoplasmic inclusions in the epididymal principal cells is not of a trilaminar membrane type. In this respect, the tubules appear similar to cytoplasmic microtubules, although larger in diameter than microtubules . However, it is very uniquely characteristic that slightly inclined cross sections of the tubules show spikes on one side of the wall. The goniometric findings on the inclusions suggest that the wall of the tubules consists of filament-like subunits which run parallel and are inclined about 25' to the axis of the tubules to form loose spirals, as shown in Figure 6 . Further, the direction of the spiralling is the same for every tubule in an inclusion. Counting from intervals between the spikes and circumference of the tubules, the number of the filament-like subunits in the wall reaches 12 (Fig. 7) . Thus the oblique sections as well as tilting of the tubules can produce elliptic profiles with spikes on one side of the walls as shown in Figure 6 . The number of the filament-like subunits corresponds to that of protofilaments of cytoplasmic microtubules (see reviews by ERICKSON, 1975 , KURSHNER, 1978 . However, the protofilaments are known to run straight and to be composed of globular molecules of tubulin, whereas it is unknown whether or not filament-like subunits of the tubules in the inclusions in the epididymal principal cells are composed of such globular molecules. The possible structures of the inclusion and the tubule are diagrammed in Figure 7 .
The tubule-containing inclusions occurred as a regular cytoplasmic component in the epididymal principal cells in all normal adult dd-mice examined. These inclusions occur only in Segment IV, and therefore, they may be closely related to the specific function of Segment IV.
Morphologically different segments of the epididymal duct are considered to have different functions concerning the functional maturation and storage of spermatozoa (see reviews by BEDFORD, 1975; HAMILTON, 1975) . Recently it has been demonstrated that spermatozoa are coated with specific profiles of the tubules is tilted to 25` to either the left or the right, the profiles of the tubules come to produce according figures as shown in Figure 5 (upper). The wall of the tubules is considered to consist of filament-like subunits which run parallel and are inclined about 25' to the axis of the tubules (middle).
Arrows indicate the direction of the electron beam.
The middle drawings show the tubule in section.
When the axis of the tubule corresponds to the direction of the beam, the tubule produces a circular profile.
When the axis of the tubule is inclined at 25° to the direction of the beam, the direction of the filaments corresponds to the direction of the beam and the filaments produce spike-like figures in the wall of the tubule. glycoprotein secreted by the principal cells and aquire their fertilizing ability during the passage through the head of the epididymis (LEA et al., 1978; OLSON and HAMILTON , 1978; MOORE,1980) . Previously we suggested that , in the mouse epididymis, the principal cells in Segment II produce the glycoprotein binding to spermatozoa and the glycoprotein is reabsorbed by the principal cells in Segment IV if it remains unbound to spermatozoa (ABE et al., 1982a) . Furthermore, the differentiation of the principal cells in Segment IV seems to depend on the glycoprotein (ABE et al., 1982b) .
The principal cells can absorb tracers such as India ink and horse radish peroxidase when infused into the lumen of the epididymal duct; these tracers are accumulated in the multivesicular bodies which contain acid phosphatase (FRIEND , 1969; MONIEM and GLOVER, 1972) . Thus the multivesicular bodies possibly transport and digest materials taken up from the lumen. Such multivesicular bodies can be seen in the principal cells in any segments of the epididymal duct (ABE et al., 1983) . The dense bodies in the principal cells also contain acid phosphatase (FRIEND, 1969; MONIEM and GLOVER , 1972) , and are considered to be lysosomes for digesting the absorbed materials (JONES et al ., 1979) . The morphological specificity of the dense bodies in each segment may represent figures in the breakdown of specific materials ingested in the segment . The tubulecontaining inclusions occasionally have contents similar to those of the dense bodies in Segment IV, and are suggested to be a kind of dense body . Therefore, the dense bodies and the tubule-containing inclusions in Segment IV may be related to the glycoprotein absorbed from the lumen. The inclusion is considered to be a structure indicating some specific function of the epididymis.
Further studies are necessary to understand the functional significance of the inclusions and the relationship between the inclusions and the glycoprotein which may provide the fertilizing ability to spermatozoa .
